Abstract-Hazard assessment of industrial sites contaminated with coal tar and its products usually focuses on selected pollutants such as the 16 polycyclic aromatic hydrocarbons (PAHs) prioritized by the U.S. Environmental Protection Agency (U.S. EPA). The aim of this study was to investigate to which extent these 16 PAHs contribute to the Vibrio fischeri bioluminescence inhibition measured by the acute Lumistox luminescent bacteria test. Five of the 16 PAHs-naphthalene (NAP), acenaphthylene (ACY), acenaphthene (ACE), fluorene (FLU), and phenanthrene (PHE)-revealed inhibiting effects when measuring saturated aqueous solutions of these compounds. However, in elutriates of PAH-contaminated soils, the amount of leached PAHs was very low, and the 16 PAHs did not considerably contribute to the observed bioluminescence inhibition. Nevertheless, bioluminescence inhibition was higher for elutriates with increased PAH concentration indicating the presence of other toxicants that co-occur with the 16 PAHs. No evidence was observed for increased bioluminescence inhibition due to synergistic effects among PAHs as calculated on the basis of toxic units for an aqueous solution containing all 16 priority PAHs. Data suggest that the U.S. EPA PAHs play only a minor role in causing acute toxicity to V. fischeri when exposed to aqueous elutriates of PAH-contaminated soils.
INTRODUCTION
The estimation of the hazard posed by polycyclic aromatic hydrocarbon (PAH)-contaminated soils is usually based on the measurement of pollutant concentrations using conventional chemical analysis. However, chemical analysis is generally limited to selected priority substances. Polycyclic aromatic hydrocarbons, for instance, consist of more than 100 different substances [1] , but in most cases only 16 unsubstituted PAHs identified as priority substances by the U.S. Environmental Protection Agency (U.S. EPA) are selected for analysis [2] . Chemical analysis may be complemented by the application of bioassays that provides an integrated measure of toxicity. Nontarget pollutants (not analyzed) as well as reduced availability of toxicants and combined effects such as antagonistic or synergistic interactions are considered when using biological test systems. During the last decades, numerous standard procedures for toxicity testing have been developed suggesting microorganisms, plants, invertebrates, and vertebrates as test organisms. In particular, the luminescent bacteria test system using Vibrio fischeri is a reliable and widely applied aquatic bioassay that shows good sensitivity to a broad range of organic pollutants [3] . Luminescent bacteria emit light as a by-product of their metabolism. If toxic substances are present, less light is emitted. This reduction of light emission is measured and reported as bioluminescence inhibition compared to a nontoxic control. The test responds sensitively to contaminated environmental samples [4, 5] and is also used for the ecotoxicological characterization of soils [6] . For the evaluation of solid samples, the standard luminescent bacteria test is applied to elutriates, thus only responding to leachable contaminants. Consequently, this bioassay has also been recommended for the determination of the soil retention function ( [7, 8] , http://www.dechema.de/infsys/publi/englisch/ iumwen.htm). Although the ecological relevance of V. fischeri as marine bacteria may be questioned for the evaluation of the soil quality, this elutriate test may reveal substantial information about an existing threat to groundwater and as a consequence transport to and pollution of receiving water bodies.
A potential field of application is the toxicity assessment of elutriates or leachates in the course of soil decontamination. A decrease of the concentration of native PAHs during soil remediation as measured by chemical analysis does not necessarily indicate soil detoxification. Thus, bioassays such as the luminescent bacteria test were used to monitor toxicity reduction, thus proving remediation success for PAH-contaminated sites [9] [10] [11] [12] .
Bioluminescence inhibition as seen for elutriates of PAHcontaminated soils was addressed to PAHs. Bispo et al. [13] measured PAH concentrations in aqueous and methanol extracts of soils from a former coke oven site and proposed naphthalene (NAP) being the major contribution to the toxicity of the elutriates. Haeseler et al. [14] attributed acute toxicity of V. fischeri to NAP and phenanthrene (PHE) concentrations in elutriates of soils from former manufactured gas plant sites. To the knowledge of the authors, no systematic investigation has been made to determine the extent to which individual PAHs contribute to bioluminescence inhibition of elutriates. Because the solubility of PAHs in water is generally poor and these substances sorb to soil organic matter [15] , only rather low elutriate concentrations may be expected for soils rich in humic substances.
To elucidate the relationship between toxicity and PAHs, the bioluminescence inhibitions of defined PAH solutions and of elutriates of PAH-contaminated soils were compared with Moreover, all six soils were subjected to microbial pollutant degradation, and PAH concentration as well as V. fischeri toxicity of soil elutriates were monitored for a two-month period. The objective of the bioremediation experiments was to investigate the appropriateness of the Lumistox test to monitor detoxification performance with the intention to find out whether bioluminescence inhibition can be addressed to leachable PAHs and whether PAH dissipation correlates with a reduction in toxicity. [1,2,3-cd] pyrene in solid form (purity 99%) as well as a standard mixture of these 16 compounds with 10 mg/L of each substance dissolved in acetonitrile for high-performance liquid chromatography (HPLC) calibration were purchased from Supelco (Bellefonte, PA, USA). Ethyl acetate (Baker analyzed) and acetonitrile (ultragradient HPLC grade) were used as received from J.T. Baker (Deventer, The Netherlands). Water was obtained from a Millipore Qplus PF system (Molsheim, France) with a specific resistivity of 18.3 M⍀/cm. Anthracene oil (anthracene free) was provided by VOEST Alpine Stahl (Linz, Austria).
MATERIALS AND METHODS

Polycyclic aromatic hydrocarbons
Saturated aqueous solutions of PAH
To obtain maximum solubility for hydrophobic substances such as PAHs, the Organization for Economic Cooperation and Development [16] recommends excessive addition of the substance to water and shaking of the mixture for at least 2 d. For our investigations, PAHs (pure substance in solid form) were added in excess to 200 ml distilled water in 250-ml glass flasks that were sealed with glass stoppers. After an ultrasonication pretreatment of 180 min, flasks were shaken (8 rpm) on an end-over-end shaker (Gerhardt RA44, Bonn, Germany) for 3 d in the dark at 20ЊC. Solutions of individual PAHs as well as a mixture of all 16 pollutants were prepared in triplicates. The existence of remaining solids at the end of the treatment was taken as an indicator for saturation. The PAH solutions were stored in the dark at room temperature until the clear supernatant was used for experiments.
Aqueous extract of anthracene oil
Four hundred microliters of anthracene oil were added to 200 ml distilled water in 250-ml glass flasks. After sealing the flasks with glass stoppers, the mixture was shaken on an endover-end shaker (8 rpm) for 3 d in the dark at 20ЊC. Triplicates were stored in the dark at room temperature until the clear aqueous phase was used for analysis and experiments.
Soils
Six PAH-contaminated soils were obtained from former industrial sites including manufactured gas plants (soils ES4, WGa), steelworks (soil BS4), railroad sleeper preservation plants (soil IS32), and tar processing plants (soils BZ10, TA2).
Soils were passed through a 2-mm sieve and stored in the dark at 4ЊC prior to analysis. Soil characteristics are presented in Table 1 . Soil pH was measured using a 0.01 M CaCl 2 solution (soil:CaCl 2 solution ϭ 1:2.5, w/v). Particle size distribution was determined using a combined sieving/sedimentation procedure [17] , and organic dry mass was measured using combustion at 550ЊC. Dry weight was determined after 24 h at 105ЊC.
PAH extraction of soils
Extraction was performed on an automated Soxhlet extractor (Gerhardt Soxtherm extractor model 2000 automatic). Five grams of soil (dry wt) were transferred into extraction thimbles and boiled in 90 ml ethyl acetate for 60 min followed by Soxhlet extraction of 90 min. The crude extract was transferred to a 50-ml volumetric flask, made to volume with the extraction solvent, and eventually analyzed using HPLC [18] .
Soil elutriate preparation
Aqueous soil elutriates were prepared by adding 25 g distilled water to 10 g (dry wt) of sieved soil (Ͻ2 mm) followed by orbital shaking (100 rpm) for 24 h in the dark at 20ЊC. Aqueous solutions were centrifuged in glass tubes at 2,000 g for 30 min at 20ЊC. The supernatants were used for experiments without further purification.
Biodegradation test
Soils were adjusted to 65% of the maximum water-holding capacity. Bacteria enriched on anthracene oil were added to Toxicity of 16 U.S. EPA PAHs to luminescent bacteria Environ. Toxicol. Chem. 23, 2004 559 provide a final concentration of 4 ϫ 10 6 cfu/g soil (dry wt). Nutrients were added in form of NH 4 NO 3 and KH 2 PO 4 to obtain a final concentration of 0.25% (w/w) N and 0.05% (w/w) P. Samples were incubated for 64 d in the dark at 20ЊC. Water loss was determined by periodic mass measurements and controlled by water addition. Samples were taken at the beginning and after 2, 7, 17, 34, and 64 d of incubation.
PAH analysis
The PAH concentrations were determined using HPLC (HP 1050 series, Hewlett-Packard, Avondale, PA, USA) equipped with a three-dimensional fluorescence detector (HP 1100 series) and a diode array detector (HP 1050 series). An ODS Hypersil guard column (20 ϫ 4 mm, particle size 5 m, Hewlett Packard) and a C-18 Vydac separation column (250 ϫ 4.6 mm, particle size 5 m, Vydac, Hesperia, CA, USA) were used for chromatography. Column temperature was set to 26ЊC, and an injection volume of 20 l was applied (HP autosampler). A water-acetonitrile mobile phase using a gradient profile (60% [v/v] acetonitrile for 2.5 min followed by a 9.5-min linear gradient to 90% [v/v] acetonitrile, an 8-min linear gradient to 100% [v/v] acetonitrile, and a final period of 2.5 min at maximum acetonitrile concentration) was employed. The flow rate was set to 1.5 ml/min. Standard mixtures of the 16 PAHs ranging from 0.01 to 0.8 mg/L were used for multilevel calibration.
For the analysis of aqueous samples, acetonitrile was added (50% [v/v]). The mixture was subjected to HPLC analysis without any further treatment to prevent losses of NAP, ACY, ACE, FLU, and PHE due to volatilization. For the analysis of the remaining PAHs, 10 ml soil elutriate were extracted three times with 10 ml methylene chloride followed by a solvent exchange to acetonitrile using a rotary evaporator. Eventually, the extract was complemented with acetonitrile to 2 ml and analyzed with HPLC.
A calibration range of 0.1 to 0.8 mg/L was applied for ACY (diode array detector), whereas a lower calibration limit of 0.01 mg/L was applied for the remaining 15 PAHs (fluorescence detector).
Lumistox luminescent bacteria test
The Lumistox luminescent bacteria test was performed using the marine bacteria V. fischeri (NRRL-B-11177) following the manufacturer's standard procedure [19] . Aqueous samples were amended with 2% (w/v) NaCl. A dilution series (1:2, 1: 4, 1:8, 1:16, etc.) was prepared for samples that showed increased toxicity in preliminary testing. Each dilution of the PAH solutions was tested six times, and soil elutriate testing was conducted in triplicates. No pH adjustment was necessary because pH values of all tested soils ranged from 7 to 8. After reconstitution of luminescent bacteria at 15ЊC (cooling device Lumistherm LTG 053, Dr. Lange) according to the manufacturer's procedure, the luminescence of 0.5-ml portions of bacteria suspension was measured (luminometer Lumistox LPG 259, Dr. Lange). Immediately after the measurement, 0.5 ml of sample was added. After 30 min of exposure at 15ЊC, the light emission was measured again. As positive (toxic) control, a 7.5% (w/v) NaCl solution was included in each test run. Prior to delivery, each batch of bacteria is tested with three toxicants by the company. The bacteria (lot 04050) used in this study exhibited 72, 40, and 45% light inhibition for 3,5-dichlorophenol (6.0 mg/L), zinc 2ϩ (25 mg/L), and chromium as potassium dichromate (4.0 mg/L), respectively.
The toxicity of single substances is expressed as 50 and 10% inhibiting concentration (IC50 and IC10) compared to a 2% (w/v) NaCl reference solution, whereas toxicity of elutriates and aqueous solutions of PAH mixtures are reported as volume percentage of sample in the test solution resulting in a 50% inhibition of bioluminescence.
Data analysis
Both IC50 and IC10 were calculated following EN International Organization for Standardization 11348-3 [20] by applying regression analysis. Confidence intervals were calculated according to Sachs [21] . Toxic interactions of the U.S. EPA polycyclic aromatic hydrocarbons were evaluated on the basis of toxic units as reported by Bailey et al. [22] . For each toxic PAH present in the mixture, a toxic unit (TU i ) was calculated from the IC50 value of each individual PAH and the PAH concentration at a dilution of the mixture that exhibits 50% bioluminescence inhibition. The sum of TU i gives the overall toxic unit of the mixture (TU mixture,IC50 ). For elutriates with no ACY found, the detection limit concentration of ACY (0.1 mg/L) was used for calculation of toxic units. The following equation summarizes the calculation:
where c i ϭ concentration of substance i and i ϭ NAP, ACY, ACE, FLU, and PHE.
In the case of additivity, the TU mixture,IC50 equals unity. A deviation of unity indicates either synergistic (TU mixture,IC50 Ͻ 1) or antagonistic (TU mixture,IC50 Ͼ 1) interactions between the substances tested.
Nonlinear regression [23] was used to correlate PAH solubilities and bioluminescence inhibition using the software package SigmaPlot 5.05 (SPSS Science, Chicago, IL, USA) and is based on the following equation:
where a, b ϭ parameters, I ϭ bioluminescence inhibition, and c ϭ concentration.
RESULTS AND DISCUSSION
Toxicity of individual PAHs dissolved in water
Saturated aqueous solutions of two-and three-ring PAHs with the exception of ANT exhibited considerable bioluminescence inhibition up to 95%, whereas solutions of PAHs with more than three rings did not show toxicity to V. fischeri (Fig. 1) . Even if tested with an increased sample portion (80% sample and 20% luminescent bacteria solution instead of 50% each), no toxicity was detected. Among the 16 U.S. EPA priority PAHs, aqueous solutions of NAP, ACY, and ACE at saturation concentration exhibited the highest bioluminescence inhibition. Although PHE revealed a lower inhibitory effect of 39% as measured for saturated aqueous solution, it was the most toxic PAH for V. fischeri as indicated by the corresponding IC50 value (Table 2) . Renoux et al. [24] tested saturated aqueous solutions of PHE and FLU using the Microtox acute test (Azur Environmental, Carlsbad, CA, USA). Although the dissolved concentration of PAHs and the bioluminescence inhibition of saturated solutions are in good agreement with our data, IC50 values obtained by Renoux at al. [24] are lower. This higher sensitivity might be due to differences in medium composition or exposure time. Renoux et al. [24] eral salts medium and a shorter exposure time of 15 min. For decreasing exposure time (30, 15, and 5 min), elevated acute V. fischeri toxicity was reported for NAP, ACY, and PHE [3] . With the application of dimethyl sulfoxide as solvent carrier, Johnson and Long [25] were able to calculate IC50 values also for PAHs with water solubilities below IC50s. For twoto four-ring PAHs, they found IC50 values in a rather narrow range (0.34-0.92 mg/L, except pyrene with an IC50 value of more than 500 mg/L), whereas aqueous solubility for these PAHs comprises about four orders of magnitude [26] . The V. fischeri toxicity of aqueous solutions saturated with PAHs seems therefore to be related to the maximum water solubility rather than to the toxicity of individual PAHs (IC50 values). Saturated PAH solutions exhibited a pronounced correlation (r 2 ϭ 0.92) between concentrations at maximum water solubility and toxic effects to the V. fischeri (Fig. 2) indicating PAH solubility being an important parameter in determining the extent of bioluminescence inhibition resulting from PAHs in aqueous media.
Potential toxicity interactions of PAHs
At historically PAH-contaminated sites, pollution always comprises numerous individual PAHs (pollutant mixture). In order to address biological effects to concentrations of compounds in pollutant mixtures, it is necessary to clarify whether interactions of the substances influence the resulting toxicity. Combined toxic effects depend not only on the pollutants present but also on the organisms affected. For a mixture of ACE, FLU, PHE, and pyrene, Swartz et al. [27] observed antagonistic interactions for the amphipod Rhepoxynius abronius. In contrast, Verrhiest et al. [28] found synergistic PAH interactions of PHE, FLU, and benzo[k]fluoranthene measured in whole-sediment tests using Daphnia magna, Hyallela azteca, and Chironomus riparius as test organisms. Because a reliable prediction of joint toxic effects is difficult, combined toxicity is often experimentally determined by application of the mixture to the organism of concern.
In this study, potential interactions of individual PAHs and resulting effects to V. fischeri were investigated with aqueous solutions of a mixture of 16 U.S. EPA PAHs at maximum dissolvable concentration. Toxic units were calculated using the IC50 values (Table 2 ) and the mean concentration of NAP, ACY, ACE, FLU, and PHE in the aqueous solutions (Table 3) according to the equation for calculating TU mixture,IC50 given in the Materials and Methods section. A TU mixture,IC50 value of 0.96, which is very close at the theoretical value of 1, was determined for the priority PAH solution. Consequently, additive bioluminescence inhibition effects are assumed for lowmolecular-weight PAHs (NAP, ACY, ACE, FLU, and PHE).
Toxic effects resulting from pollutants co-occurring with priority PAHs
During gasification and incineration processes, priority PAHs are formed along with further hazardous compounds. Anthracene oil was used to study toxic effects of substances co-occurring with priority PAHs. This oil is a high-boiling fraction of the coal tar distillation process, and besides the 16 U.S. EPA PAHs, it contains a variety of potential toxicants Table 3 . A TU mixture,IC50 value (calculated by summarizing toxic units of NAP, ACY, ACE, FLU, and PHE) of 0.21 was determined for the aqueous anthracene oil extract showing that the observed bioluminescence inhibition did not only result from dissolved priority PAHs. Contaminants that usually co-occur with PAHs at coal tar-contaminated sites are heterocyclic aromatic compounds that account for up to 10% of the total concentration of polycyclic aromatic compounds [29] . Sverdrup et al. [30] found that N-, O-, and S-containing heterocyclic aromatic compounds revealed significant toxicity to Folsomia fimetaria L. with pore water being indicated as the main exposure route.
Toxicity of samples from PAH-contaminated sites
To identify the origin of V. fischeri toxicity of samples from PAH-contaminated sites, six soils from diverse industrial sites were investigated comprehensively. Bioluminescence inhibition varied over a wide range. Elutriates of the soils BS4, WGa, ES4, and IS32 exhibited low to moderate inhibition of 14, 14, 35, and 61%, respectively, whereas elutriates of the soils BZ10 and TA2 revealed inhibitory effects of more than 90% (50% of elutriate in the test solution). The latter two showed a 50% bioluminescence inhibition at a concentration of 4.1 and 4.9% (v/v) of elutriate present in the final bacterial suspension, respectively.
In the elutriates of soils BS4, WGa, and ES4, none of the five PAHs (NAP, ACY, ACE, FLU, and PHE) that exhibited light inhibition in the experiments described here were detected (Table 4) . Even with concentrations as high as the lower calibration limits for these five PAHs, no toxicity (Ͻ10%) could be observed. The sum of the concentrations of these PAHs in the final bacterial suspension would be below the IC10 of PHE, the PAH that revealed the highest toxic effect to V. fischeri. In the elutriate of soil IS32, out of the five PAHs only ACE was determined with a concentration of 0.096 mg/L. Because the resulting concentration in the final test solution (0.048 mg/ L) is about one order of magnitude lower than the IC10 value of ACE, a contribution far less than 10% bioluminescence inhibition to the observed inhibition of 61% can be expected from priority PAHs.
For the elutriates of the soils BZ10 and TA2, a total concentration of 1.94 and 1.85 mg/L of the five bioluminescenceinhibiting PAHs was determined, respectively. The TU mixture,IC50 value (calculated by summarizing toxic units of NAP, ACY, ACE, FLU, and PHE) amounted to 0.09 for both soil elutriates. The TU mixture,IC50 value would equal unity if leached PAHs were entirely responsible for the measured toxicity and if additive effects occur. Because the TU mixture,IC50 values were approximately one order of magnitude lower than unity, either the 562 Environ. Toxicol. Chem. 23, 2004 A.P. Loibner et al. (5) 106 (1) 358 (20) 371 ( (37) 54 (1) 584 (10) a Standard error of the mean is shown in parentheses (n ϭ 6). b n ϭ 5. c Below detection limit. presence of further bioluminescence inhibitors or the occurrence of synergistic effects (more than additive) is indicated. Synergistic effects with soil components present in elutriates cannot be excluded, but as demonstrated in this study with a PAH mixture, no evidence existed for nonadditive effects among PAHs. More likely is the presence of toxicants other than priority PAHs being responsible for a large part of the observed bioluminescence inhibition as shown for the anthracene oil extract. Bioavailability investigations. Despite high concentrations of PAHs in soil, leaching of these substances was generally poor. Moreover, PAH concentration differences among soils were not reflected by measured PAH concentrations in the respective leachates. Soils BZ10 and TA2 showed the highest concentration of leachable PAHs (Table 4) even though the total concentration in these soils was found to be the lowest (Table 5 ). The same phenomenon was reported by Haeseler et al. [14] , who generally did not find any good correlation between leachable and total PAHs in several industrially contaminated soils. A reason may be found in the varying organic matter content of the soils as it acts as strong sorbent for hydrophobic substances [31] . For the soils tested, the concentration of leachable PAHs indeed decreases with increasing organic dry matter content (Tables 1 and 4) .
It was demonstrated that low-molecular-weight PAHs provoke considerable toxic effects to V. fischeri ( Table 2 ). The poor water solubility of PAHs does limit adverse effects substantially, but sorption to soil and resulting poor leachability may be the main reason for the small contribution of priority PAHs to the bioluminescence inhibition exhibited by soil elutriates (Table 4) . For the five low-ring PAHs, concentrations as high as the theoretical possible amount (assuming leaching of the total amount present in soil) or maximum water solubility, respectively, were not reached in any of the elutriates.
Organisms respond only to bioavailable toxicants. Thus, the analyzed PAH concentration in soil does not necessarily reflect the toxicity of this soil. In the case of elutriate tests, only mobile (leachable) pollutants are available to the test organisms. It is tempting to use rapid and uncomplicated bioassays such as the bioluminescence inhibition test for the determination of the available part of pollutants. However, reliable availability estimates are impossible if unknown or unanalyzed toxic substances are present, which actually is the case for most industrially contaminated sites. Nevertheless, in combination with concentrations of the five bioluminescenceinhibiting PAHs in the soil and its elutriate, certain conclusions may be drawn from toxicity data. Referring to bioavailability, a reliable prediction is possible only for PAH unavailability (Table 6 , case 3: PAHs in soil but no toxicity observed). Moreover, the bioassay indicates the presence of further toxicants if bioluminescence inhibition occurs, but PAH concentrations in the elutriate are too low to inhibit V. fischeri (Table 6 , cases 2 and 4). No clear prediction is possible for case 1 (Table 6 ). Observed toxicity may result from available PAHs or further toxicants.
Assuming that leachable PAHs toxic for luminescent bacteria are also available to degrading microorganisms, predictions of the bioavailability and thus biodegradation potential of PAH-contaminated soils should be possible. Actually, a lack of PAH biodegradation can be predicted when no/low toxic response is observed as seen for soils ES4, BS4, and WGa. If toxicity is measured, it can be a result either of the presence of bioavailable and bioluminescence-inhibiting PAHs or of further toxicants. Thus, a reliable prediction of bioavailability/ biodegradability of PAHs is limited. Moreover, high bioavailability does not necessarily indicate degradation success because resulting high toxicity may be an obstacle for PAH degradation. Industrial soil IS32 showed biodegradation and bioluminescence inhibition, but no reduction of the PAH concentration was seen for highly toxic soils TA2 and BZ10 suggesting the occurrence of biodegradation-inhibiting conditions.
Remediation monitoring. From the investigated soils, only IS32 showed significant biodegradation of PAHs. Total PAH concentration (16 U.S. EPA PAHs) in soil was reduced by 89% over a remediation period of 64 d. A reduction of 86% of the concentration of PAHs was detected in the elutriate, and a 79% reduction in toxicity was detected at the end of the biological treatment. Even though the light inhibition observed for the elutriate of the untreated soil could not be attributed to the presence of U.S. EPA priority PAHs, the decline of light inhibition in the course of the bioremediation process was in line with the decrease of the concentration of leached PAHs (Fig. 3) . A comparable result was obtained by Haeseler et al. [14] after biological treatment of contaminated soils from manufactured gas plant sites. Because the PAH concentration in soil IS32 was too low to cause the observed light inhibition, the presence of leachable toxicants co-occurring with priority PAHs is indicated.
The parallel decrease of PAH concentration and bioluminescence inhibition as observed for soil IS32 may also be seen for other PAH-contaminated samples from historically polluted sites. Thus, one may conclude that decreasing PAH concentrations are a good indicator for declining toxicity. However, co-occurring pollutants may not always be degraded along with PAHs. The detoxification should therefore be verified by the application of bioassays such as the V. fischeri acute toxicity test.
